Summary
Introduction
Numerous factors influence maturation of the sperm cell in the epididymis. The influence of biochemical factors on spermatozoa during their sojourn in the epldidymis may be of considerable importance in the maturation process. This fact, coupled with the need for more information to be used in the development of an optimum storage environment for boar semen, has led us to examine the epididymal sperm biochemically in comparison to ejaculated sperm.
A number of workers have implicated lipid 1 Animal Science Research Division, A.R.S. 398 as being important to the maturation and preservation of the sperm cell. Popa (1930) described sperm as having a lipoid mantle. Lasley and Bogart (1944) reported that boar sperm from the epididymis were more resistant to cold shock than ejaculated sperm. Kampschmidt, Mayer and Herman (1953) noted that egg yolk phospholipid protects the bull sperm cell during cold shock. Grogan, Mayer and Sikes (1966) reported a significant decrease in total sperm phospholipid as the sperm passed from the caput to the corpus epididymis, while Pickett et al. (1967) reported 14% more total lipid in caudal epididymal sperm than in ejaculated boar sperm. The lipid composition of boar ejaculated spermatozoa and seminal plasma has been studied quite extensively (Komarek et al., 1965; Johnson, Gerrits and Young, 1969a, b) . However, there are no reports of a systematic comparison of phospholipids and fatty acids of the boar sperm cell from ejaculated and epididyreal semen from the same boars. The objective of the present study was to compare sperm and plasma from ejaculated semen collected either as whole ejaculate or sperm rich and to compare these with the sperm and plasma recovered from the three major segments of the epididymis of the same boars. Comparisons were made on total phospholipid and on phospholipid fatty acids.
Experimental Procedure
Four 2-year-old boars provided semen for this study. Semen was collected at 3-and 4-day intervals (twice weekly) with four ejaculates collected as whole ejaculate (WE) and four as sperm rich (SR) per boar over the 4-week period. After the 4-week collection period, the boars were slaughtered and epldidymides and seminal vesicles recovered. Collection and handling of semen and seminal vesicle fluid were as described previously (Johnson et al., 1972) .
Caput, corpus and caudal epididymal sperm were obtained by centrifuging crude exudates JOURNAL OF ANIMAL SCIENCE, vol. 35, no. 2, 1972 in a sucrose density gradient. The crude exudates were obtained by slicing the epididyma| tissue with a sharp razor blade after removal of the tunica and washing it gently in saline containing 1 mg/ml fructose as described by Dawson and Scott (1964) . A sperm suspension was obtained by filtering through gauze. The sperm were sedimented by centrifugation at 700 g and the supernatant discarded. This was followed by resuspending the spermatozoa in the saline diluent and repeating the process.
After resuspension of the spermatozoa in 5 ml of the saline diluent, they were layered over a sucrose gradient consistin~ of two layers as described by Dawson and Scott (1964) . The tubes (50 ml polycarbonate) were centrifuged at 43,000 g for 30 minutes. The upoer layer contained red blood cells, the middle layer contained some spermatozoa and the precipitate at the bottom of the sucrose ~radi-ent consisted of spermatozoa. The spermatozoa were recovered from the bottom of the sucrose gradient only and stored at --196C lmtil analyzed. Prior to obtaining the exudate from the caudal portion of the epididymis, some of the tubules were sliced with a scalpel and sufficient semen recovered for plasma analysis. This semen was centrifuged at 31,500 ,r for 20 rain. to obtain sperm free plasma which was then stored at --196 C.
All ejaculated semen was centrifuged at 31,500 g for 20 rain. to separate plasma from spermatozoa. Each was then frozen separately and stored (--196C) until analyzed. Total lipid was extracted and purified at room temperature with chloro form: methanol ( 2 : 1 v/v) according to the method of Folch, Lees and Sloane-Stanley (1957) . Total phosphorus was determined on the total lipid extract according to Bartlett (1959) .
The phospholipid fraction was isolated onto silica gel by the method of Hornstein, Crowe and Ruck (1967) . Following the isolation of the phospholipid fraction, it was transesterifled after which gas-liquid chromatography (GC) was applied. Gas chromatography and transesterification methods and GC standardization and fatty acid identification procedures have been described previously (Johnson et al., 1969b) . The only change was in the GC procedure where the GC column temperature was 170C for 6 min. followed bv 170 to 190 C at 48~ and 190C until the run was complete. The whole ejaculate and sperm rich ejaculate data were subjected to analysis of variance, randomized block design. Arcsin transformation was applied to percentages before analysis.
Results and Discussion
Sperm output and semen volume (without the gel) for the WE and SR fractions are shown in table 1. Eighty percent of the average total sperm collected by the WE method was obtained when sperm were collected by the SR method. The use of the SR method also results in a 72% reduction in overall lipid semen volume. These percentages are somewhat higher than those reported by McKenzie, Miller and Bauguess (1938) ; however, the gelatinous portion was included in their calculation. Collection of semen by the SR method allows easier handling of the semen for biochemical analysis and simpler dilution for use in artificial insemination.
Spermatozoa phospholipid concentration (table 2) was slightly higher in the SR fraction spermatozoa compared to the WE sperm (2.18 vs. 2.06). SR seminal plasma contained more than twice as much (P~.01) phospholipid as the WE plasma. The WE plasma phospholipid concentration was similar to that reported earlier for boars (Johnson et al., 1969a) .
Sperm from the various sections of the epi- didymis showed a decreasing amount of phospholipid in the sperm cell as, they pass from the caput to the cauda. The differences observed were not significant (P>.05) and may have been due to chance alone. The reduction was 16% between the caput and corpus and 20% between the corpus and cauda. These results (overall 34% reduction) are less than the 53% reduction reported by Grogan et al. (1966) in mg of phospholipid/100 mg of dried boar sperm. There was considerable difference between the two procedures used, however, and this could account for some of the discrepancy. In the report of Grogan et al. (1966) , epididymides were frozen after recovery. Following thawing, the sperm were recovered and freeze dried. None of these procedures were employed in this study. Scott, Voglmayr and Setchell (1967) reported 30% more phospholipid in ram testicular sperm than in ejaculated sperm. The rat appears to be different, however, than either all with the exception of 16:0 were in greater proportions than found for the spermatozoa phospholipid. Myristic (14:0) and 20:0 (P~ .01) were significantly more concentrated in SR plasma than WE. Stearic acid (18:0) was significantly (P~.05) more concentrated in WE plasma than SR plasma.
Of the unsaturated fatty acids determined, docosapentaenoic (22:&o6) and docosahexaenoic (22:6) predominanted in the sperm phospholipid of WE and SR. Together they comprised 57 to 59% of all FA present. Docosapentaenoic acid (22 : 5o~6) was significantly (P ~.05) more concentrated in the SR fraction than in WE, while both 22:5co6 and 22:6 differed significantly (P~.01) among boars. Linoleic acid ( 18: 2), on the other hand, was significantly (P~.01) lower in SR than WE. Docosapentaenoic (22:5~o6) and 22:6 in sperm phospholipid were similar in concentration to that reported earlier for WE sperm choline phosphatide (34 and 23% vs. 39 and 25%, respectively) (Johnson et al., 1969b) .
The unsaturated acid concentrations in the plasma were very much different than the sperm in that 22 : 5,06 and 22 : 6 combined represented only 5.2 to 6.5% of all FA in plasma for WE and SR, respectively. As in spermatozoa, 22:5o~6 was significantly more (P~.05) concentrated in SR plasma than in WE plasma. Unsaturated acids which were considerably greater in concentration in the plasma than in sperm were oleic (18:1), linoleic (18:2) and 22:5,o3. Of these, both 18:1 and 18:2 were significantly greater (P< .01) in WE than in SR; just the reverse of this was found with all the other FA tested in the plasma. The two dimethylacetals, 14:0 and 16:0, were more concentrated in the plasma than in the sperm.
Results of FA analyses of sperm from the three major sections of the epididymis are presented in table 4. Fifteen FA and two fatty adehydes were identified in the sperm from caput, corpus and cauda epididymis. The basic pattern of FA in the sperm from the various sections was quite similar. Caput sperm were somewhat lower in total percent saturated FA than either corpus or cauda sperm. All saturated FA were present in lesser quantities in caput sperm compared to the saturated FA in the corpus and cauda sperm. Specific unsaturated FA were nearly equivalent in concentration to their unsaturated counterparts in cauda sperm and generally lower than corpus sperm. Saturated FA were somewhat greater in concentration in the epididymal sperm than for the ejaculated sperm shown in table 3. This was especially true for the corpus and cauda where 40 to 42% were saturated compared to 29% for ejaculated sperm. This difference was due to about a 10 percentage point increase in 16:0 for the epididymal sperm over the ejaculated sperm. This is similar to results reported by Scott et al. (1967) in which they found 16:0 decreasing from a high of 52% in ram testicular spermatozoa to 36% in ejaculated ram spermatozoa phospholipid. Of the major unsaturated acids present in the epididymal sperm, 22:5o~6 and 22:6 were predominant, together representing from 45% of the total FA in the caput to 38% in the corpus, about 14 to 21 percentage points less than the concentration found in ejaculated sperm. Oleic acid (18:1), 18:2, arachidonic acid (20:4(o6) and docosatetraenoic acid (22:4) were generally at higher levels in the caput and corpus epididymal sperm than in ejaculated sperm, while 14:0, 22:50~6 and 22:6 were higher in ejaculated sperm.
Data from the FA analysis of plasma from caudal epididymal semen are shown in table 4. This plasma exhibited a FA pattern similar to that found for ejaculated seminal plasma, with some notable quantitative differences, however. The DMA of 16:0 in epididymal plasma comprised 5.7% of the total FA present as against 2.8% in WE plasma and 3.4% in SR plasma (table 3) . In addition, 16:0 was greater in caudal plasma as were 20:4~6, 22:5~6 and 22:6 than in the whole ejaculate and sperm rich plasma. Stearic acid, 18:1 and 18:2 were present in considerably less quantities than in ejaculated plasma.
Seminal vesicle fluid phospholipid fatty acids exhibited a considerably different pattern than any of the other components analyzed (table 4). Nearly 80% of the total FA consisted of three 18 carbon FA, namely, 18:0, 18:1 and 18:2, in almost equal quantities. Palmitic acid (16:0) in the seminal vesicle fluid consisted of only 4% of the total FA, while in the sperm and plasma, 16:0 always exceeded 13% of the total FA. Another interesting difference was the almost complete lack of the highly unsaturated 22 carbon FA, namely, 22:4, 22:5o)6, 22:5o~3 and 22:6. Eicosapentaenoic acid (20:5) was present in seminal vesicle fluid at 4.8% of the total FA but was undetected in the sperm or seminal plasma.
The generally higher content of unsaturated fatty acids in the ejaculated spermatozoa very likely influences the characteristics of the spermatozoal membranes. A close association of 22:5 and spermatid development and maturation in the rat testis has been demonstrated by Davis, Bridges and Coniglio (1966) . In their study, 22:5 concentration in the testis increased with age up to 13 weeks of age.
Variation in the fatty acid composition of red ceil membranes of various species has been shown to be associated with permeability behavior by Van Deenen et al. (1963) . Three fatty acids (16:0, 18:1 and 20:4) showed the greatest variability. Though it is difficult to speculate on changes in sperm based on experiments conducted with erythrocytes, it can be pointed out that 16:0 was nearly twice as high in the epididymal sperm than it was in ejaculated sperm. Whether or not this has anything to do with permeability behavior is not known, but there is no doubt that the boar sperm must adapt from a relatively concentrated fluid environment in the epididymis to a rather dilute environment after ejaculation. Another factor is that metabolism of 16:0 could take place between the epididymal and ejaculated state, accounting for the depletion of 16:0. Metabolic utilization of 16:0 has been demonstrated in ram spermatozoa by Mills and Scott (1969) .
The results showed an apparent sperm phospholipid decrease enroute to the cauda epididymis (2.86 to 1.90 rag/109) and an apparent increase after ejaculation (1.90 to 2.06 and 2.18 mg/109). It would appear, therefore, that cauda sperm pick up phospholipid from the accessory fluid environment at ejaculation. However, since the differences seen were nonsignificant (P>.05) and the number of observations very limited, it would be difficult to speculate on this possibility. Concomitant changes in the fatty acid concentrations of sperm from the three segments of the epididymis were not apparent. Further investigation will be required to ascertain the significance of these findings relative to the sperm maturation process.
